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(57) Abstract: It is intended to provide a stable isotope- la- 
beled amino acid which is at least one of amino acids 
constituting protein, characterized by having ai least one of 
the following labeling patterns: (a) in one or more methylene 
groups, methylene hydrogen atoms other tlian at least one 
-have been deuterated:.^<b) in prochiral gem-meihyUgroups, 
hydrogen atoms in one of the methyl groups have been 
completely deuieraicd: (c) in prochiral gcm-mcihyl groups, 
hydrogen atoms in the methyl groups have been partially 
deuteraied; and (d) hydrogen atoms in a methyl group oilier 
than one have been dcutcratcd while hydrogen atoms in 
an aromatic ring have been partially deuterated. Using this 
stable isotope-labeled amino acid, deuterium substitution of 
a protein can be achieved without 
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(81) JbSS (B^r- AR, AG, Al, AM, AT, AU, AZ, HA, BB, 
BG. BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, 
DM, DZ, EC, EE, ES, Fl, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, JR KE, KG, KP, KR, KZ, LC, LK, LR, LS, 
LT, LU, LV, MA, MD, MG, MR, MN. MW, MX, M2, NO, 
NZ, OM, PH, PL, PT, RO, RU, SC, SD. SE, SG. SL SK, 
SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, 
YU, ZA, ZM, ZW. 

(84) ti^m flilf^): ARIPO ¥f¥^ (GH, GM, KE, LS, MW, 
MZ, Sa SL, SZ, TZ, UG, ZM, ZW), O.— ^ vT^SI* 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — □ 
^1* (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, Fl, FR, 



GB, GR: IF, IT LU, MC, NL. PT, SE, SK, TR), OAPI 

( BK, BJ, CK CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, rC). 



worsening the NMR sensitivity of the residual hydrogen nucleus. Thus, an NMR specuiim of a high-molecular weight protein 
exceeding the upper limit applicable in the prior an can be quickly and surely analyzed and the stercostructurc can be highly piecisely 
determined at the same lime. 
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m^^m-t^:^mizmr^h<Dx$>:^. 

-\z^m\^rzunt:mh^xnt>nx^rzm. z. (D^mxit'^'j^mn}^ 2 73 ^m^ 5 
tm.m\zmmi)mmttii^o cn^oymm^m^-r^^^tLx. 'Kx'^mzm 
ATM e K*(D**.^_5. .0. - 8. 0 %m&^> ^ AicMTK* (^H) sm b-, b^tk- - 

^^mm^(D7^m(DP)-^mL^x(D7iim^m7i^mmm-r^:^mti^^mm^nx 
vis. znib<D'^m(D^miit±xiLimm^^(Dms.^mmzLxm^f' 
mmBno:)iLi^mmmn^m^^mx'$>^:itif^i^, ^(DmmnM'p^mmm 

<otlX^^^, 

1 9 9 0^11^15 QM^.it^mAmn<ofsi±it^Mmmmi^>/'^i7m 
III m'-km^o)BEmti)vt--ji'^c-uMRizx^M'^mmm^<Dm\z\t. [i-» 
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tztji^nxi^^fsii^o 

i/iTtt. ''c^ ''Hr3.^(D^^m^i^xmm^nrcyT)m^m^mf)mjK<mm 

mmmrtDtix^^^^. vrc^^-ox. ^&mimmmy'T)m^^^n&wmmm 

vf}^b. y-^jvmo^^^m^i^m^mmibxmm m^\t-£. i. 2, 3.4-"C4 7 
•^jmQ. isxi o:?jRi^±) x^D. ^^m&:fi^mmm^m.izmLxit. i^m.^ 
nx^^u^'^(Dt^M^x$>^o 

mimmmy^)vm(D^^\zmLx\i. z.ni^x^zm^t^^^y3&:dm^-^ti 

TVi-S, tzt^i^. ■7n>i?X7.7^;l/-&fi)c{cJ;^:&S (E. C. Jorgensen et al.. 
/ Am CbenL Soc, 74. 2418. 1952), Vzru^-n}\^m.(r>m.mR^^^m^^^'^ 
. ^& (L E. Nystroffl et al., /. M CbeM... Soc, 74. 3434, 1952). 7-^5^1/ 
>>?;tjJl'7l^>^(^S7cS:Mft1"S;&^ (Y. J. Topper etal.. /. Biol. Cbem m, 
303. 1949) U^^m^nxi^^^. 

^tc. m^i^umM^m(D^mzmLxit. 7Tjm®^x5C7Am^bHck^ 

vtKo=^rS^;Wk (a Erlenmyer et al.. ffelv. CAm Acta. , 22. 701. 1939; E. 
C. Jorgensen et al.. J. Am. Chew. Soc. , 74. 2418. 1952) UEi)m^nx\<^^o 

E. C. Jorgensen e>-^ R. F. mU(m 'b\z^^n&.W^my-^)V^(r>^mk\t. 

\^^irnh'h7.^-)vx(o^mzm\ytzKi<n:h^tii. 7.^-)V7 vzriimmxh 
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S.^fcY. J. lower (Dl5mitA. 4-"C,^t^^2. 2-''C^P^.$>^\^^tl 2. 3. 4-'' 
H. Erienmeyer <E>izJz^mmm^<D^^lr\t. #6ti.-&M5®?tt^-b: 

» s /-m(©m-^-&fc>-fr^sw^-;i-i^-&^^^ - ■ 

)vm^.)m.m^m\z^^xt^m.m'i^(DM^^i5^^^mt^^t^^mt.rho 
^%m\t. X. 't(oj:^izLxn^nrz^^m&.'^mmy'7jiWL*^i^, m^^^ 
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( c ) y □ ^ ^ ;u :fe V ^ ^}v&(D7i(.m\t^^m7i(imit^nx\^^^ 

(d) ?^^)mn-^<D7i^m^mvxm\m7i^mit^n. ^^m7mu3»m 

(D(i^u<th\.^-rm^^^Lx^^^^t^^witt^^^m^i^mm7^ym^ 
^T^^NMRT.-^^ h)v^mmLxm7m^-t^::h^<^m.t-t^m&n<DNu 
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■5 zt^^ts^mmmiz^^m^i^mm^tifzy^jmommism^mm-r^o 
. mmommtmm - - 

m2 : SSD-^:/'J-»?:M^^Ji^fcEPPl bMSM (1 8. 2kDa) 

©'H-"c HSQc;^'^^ h;u$:iti^|fy^b;t®-efe^. 

03: SAD-'J v><&ll^i^^^c:EPP 1 bSe® (1 8. 2kDa)<D 
HCCT TOCSYX'^^j7 h;U<l:it^^^^U}t0TSS, 

m4: SAD-^^;^^5>?£M^i2.^fc'EPP 1 bUfiM (1 8. 2kDa) 
©HCCT TOCS YT.^^ h;i'£lti^«?y^L?t0TabS. 

ms : SAD/PDM-O-r v>^a*.i^.^fc'EPP 1 bMSS (1 8. 2 
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kDa) WH-'^C 3M^I-^tt^ 'H-"C HSQCX'^i' hJU^it^fe 

06: SAD/PDM-D-1' v>$:a*i2.^fcEPP 1 bgfiK (1 8. 2 
kDa)©'H-"C rmmziii1r^*H-"C HSQCT.^^ hJl^it^M^ 

07 : SAD/PDM-^^;t->^a^5^Ji^fcEPP 1 bSSM (18. 
2kDa)05'H-"C rM^lc43tt-5 'H-"C HSQCX^^ h;WS:Jt^J 

08 : j3fi*SSD:^i^Lfc^#jl^7$yi!S:m*a^/ufc*EPP I bSSM 
(18. 2 kDa) (D'H-"C/3«}Cctett5 'H-"C HSQCX'^^^ h^P?: 

09: H9 2©fi#07.^-fX-x-37?:jtif««J^Lrc0-e^^, 

010 : 'jy*5^-A«^iet|-#cD>'5a^-V3>©^^^^J^Lfc0T* 

011: ;^3;i'^: u ymBno'^^izm^^rz^^m&i^wmT^ /m (sail 

012: 011 iz^LTc SAIL 7^ ym®m*-&t)13:^ffiViT^^U^c;*3;i'^ 

013: 011 tC^Lfc SAIL 75 / m<oa^5>-'&tD-&^fflLiT^^Lfc;tj;i^^ 
i^iU >m^n<D CYANA {rcl;'5:^3gth^{;:a:0#e)nfc«*^2 O«lai00^^-r. 

% W i^^iST -5 «6 ©ft^ OJ^M 
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5, OTIC, ^(D^m^m^^o 

iL#:a^E7K^fl: (Stereo-selective Deuteration. SSD) : 
T^JfkO methylene zfuvy. gem-methyl VaL Leu ©no© 

prochlral methyl) \%. m^m\t\ziiK^~1j^%±\Z7.^C> V)V±,m^\^X^. 

o -':^<ozfu h > m^zfn h » \zm-t^iLi¥i^m (pro-L pro-s) mnt, 

miit^mo^'^)vm<om.m\t'^c(D^mz{y. xMy^^nrnt-t^oifi 

oiioumk(Dmmm\z^^m\m(Di/^'-±)vmm\zio\^^x. vai. Leu. 
1 1 eUii(r>^^i}'^no^^TB.ym\z^^^xhiEmfs.m^^m^^tfmm\z 

^SiiJ^fiTK^^blRegio-selective Deuteration. R S.D.) : . - 
^L^S^JSTk^-fb (Stereo-array Deuteration. SAD) : 

^^(D-:fu^z^)v^>L-ffih^^'^\z\t. mnoM-imiuzi: omtbx^^om 
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7'o h>^iS^/Mb (Proton-density Mininizat ion, PDM) : 

(b) yn=ir^;u^.s:g em-^5";i/»{c*3tiT-:^©p^5^;ua07K*«^^t 
fiTK^^k (CDs) ^tlTViS. 

(c) 7'P=lr^>'l'^5^JU»C:i3tiT;^5^;l'S07K*«gi5^m7K^^b (CDHj. 

CDjH) ^nxvis, 

(d) /5";i.Stl-o(D7K*^?^tTfl6«fi7K^{t: (CDjH) ^SM* 

fi-g). i^i5, cdT, ±iBo) ruijgj tit. 7s.ymmn(Dm^X'i^mB(DBM 
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(b) yp4^^;l/;5:g em-p^^;i'**«#«E-rs«'&{C«. -:}5(D^^)Vmo±X 

(e) i^mmT^mnimtE't^^'^izit. mi^^mTKmiitm^mTi^mit^nxi^^x^ 

(f) ±ia (a), (b) 2^1/ (d) lC*5t.iXM7K*fk;$tlfe^{c*3ViT, tK^I^T^ 

(g) mm^^±x''N\zmm-^nx\,^^ 

a7Kmfb$nTViS©7&W^b<> (f) ±tB (a), (b) :&t^ (d) {c:feViTB7KS 

1 0 
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i$:m^7 2. ymxm^-^n^u^WiBn(Dmm:^mmf^b\^\ 
X. :i^mm<om3ommx:^^mBn(DNURmmmm:^f£itLxit. mmm 
Bnt:m^-r^±x(D7s./m-^^±m^^m^i^m7B./mx-mm-^tixfsi^ 
m^mBMorn'M^nuRT.^'^ h )vm^ \zj:K) mmr ^zt^^tsmmmBn 

*^Bj©ii 4 o)tmx'^^uwmiii&^^Mmmwmy^jvm<Dmit^m\z^ 
v^T, mnt vxmm-^n^^^m&i^mmMii^zj^^Mm&i^mmyn^s^ 

m^(D^^m^^^y^jr^3^xjbo.x^^%^^^ M^mizu. -i-w^q ] -e^M>- 
[2-''c] mm. [1. 2-"Cii mm. [2-*h,: i-"c] mm. [2-^h,; 2-'»c] itm. 
[2-''H3:i.2-"C2] mmf3iEi)m^-^n^o ^tc. yp^g^^tfccfev^T^fe, [i-" 

c] zTu^mm. [2-»c3 yo^e^m. ci 2-"C2] zrn^tmm. h-'h,-. i-"c] 

yD^TO> [2-^H3: 2-"C] fn^mm. K-^H,; 1.2-"Cj] :/o^i^g|#7!)? 

^ iert-y5^juxxx;WbL7t^tcfT-5. c:0<!:^. tert-y5^;ux7.7-;Wt;©::& 
,»:<t::IS^$ni^(/io i^mtt. R. V. Oppenauer. etal.. Monatsh. 
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ChenL, 97. 62. 1966 isJ;^/^ R. S. Monson. 'Advanced Organic Synthesis. Methods 
and Techniques'. Acadeiic. 1971. \>.U^m.<D iQxi--:t^)V7)Vu-)Vtm\t-h 
;i/->':5'A^;6^b-afi£'t-2>:frfe Wb^^d)), B. Abramovich. etal.. /. M Chea. 
Soc. 65. 989. mimm(DteTt-Zf'^}V7)V3-)ltmt7-t^)Vi>^'^'^0Sc:r^ 
IStk C. D. Hurd. et al. . /. M Cbem Soc, 61. 3355. 1939) 

ia«(D^x>t tert-:/^JU7;Hi-;l/j&^^-&fi)&-r'5:&fe Wb^^ail)) UE(D 

CaC2,Ag20 

HOC(CH3)3 »► CH3C02C(CH3)3 

+CH3COOH ^ ' 



HOC(CH3)3,PhNMe2 
CH3COCI CH3C02C(CH3)3 — (U) 



CH2CO HQ<^(CH3)3^+ ^ CH3C02C(CH3)3 (HI) 



_-3Lx..:tPi&.g^itiiv _f Ji.im.T©^k^.^-(iy-) ~-.(VI) 

LiOC(CH3)3 

BrCH2COOH »► BrCHjCOa ^ BrCH2COC(CH3)3 (IV) 



BrCH2C00H DCC,DMAP ^ BrCH2COC(CH3)3 (V) 

(CH3)2NCH(OCH2C(CH3)3)2 

BrCHzCOOH — BrCH2COC(CH3)3 (VI) 

HOC(CH3)3 
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tff-^^b^^ m^lil. J. ChenL Soc. Perken Trans. 1. 3815-4195. 2000), 

\z\t. ym.^(Dti y^mmm m^^t. dow ttM Dowex mmmm) w-x8> 

Rohm Haas ^Sg Amber lyst{lEg^S^)R15;5: a i}m^^n%>o Z.n^(Dti^-t> 

t<\zm%^nU^\ m7L\t. Amberlyst(S^^^)R15^fflt.iTglFi^0tert--/ 
«J;< , 3 SS^mrrs ci^lCcI; 0>^ViS/iSiR$*«t#e>n^. ^fc>Amberlyst m 

o'c-^iaffiaT.tv^c z.(D^ou^wrxms\%mf^m^\z^i\.. t-y^^ 

-m^-^^-z.ht^<'-k3Lmzmt^-z.t.-t^^^^ 

^'&J^R/S^i^SUTfTa^:<t*«T#-5.i?ilAli,LeoA. Paauette et al. . /. flr^: 
a^ffl. 60. 7277. 1995 {3|B«(^B^mxX7";P^m«lwXS^k"r'5:&fe (VII) 
Ned A. Porter etal., Tetrahedron Lett.. 34. 4457. 1993; T. J. Brocksom 
etal.. Synthesis, 396. 1975 {c^^(Dl^agxXx;KD3'>^{b=£ML. □A 

i?mxxx;i/t Lfc^(viii), #ffi<DiS^^ffltiT7T««M-r'&:^& (IX) 
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1) LOA. HMPA/THF 
O -Ji'C. 1h , 

y^OBu' 2) CuCl2/0MF Bu'O^C'^^^'*^^^^" ^ 

-78TC~r. t. an. 



o 1) LDA/THF 

A 2) 0. 5 eg I? ^s. ^CQzBu' (VIII) 

BuHDjC^ ButozC ^ Bu'OaC COzBu' 

trs. S^lgSlt^U^^-^Av-rvyPejI/T^H (LDA) 

l/T--;!/3iAi:7M-:/ tert-:/5^;i'XXx;P;^>^'ti^n'5. ^fe, LDA0f^^DDtC 

>:hhU':7A (NaHMDS). :/5"JU'J5^':7A (n-BuL i) 

c:©t#«effl$n^LDA (LlN(CH{CH,)j)j) i:Jg{k7x-;Hr 
(CeHjSeCl) iri-rn=b*tjg(b<K*£:-r^:t«e), S*5ti^^-^'\'J'^Ai|a) 

MT^^^Tx-noz-t^i^m^Li^K ^Tc. ^mt. THF. 

DME, X-x;W DMPU (N.N'->^P^5^;P:/atf^>^U7) 

tert-y5^;!/XXx;W€:S^^b"rti«7-7jUMv tert-:/5"JUx::^-7^;w*«#6n§. 
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St^irbTtt, -fiSil^tf Hartmuth C. Kolb et al.. ^i^m ^<?k. 94, 2483. 1994 
t)K. B- Sharpless e)lc:ckD^fg^nfc AD-mix-o-^ AD-mix-i3*5<ff^L<fflVi6 

(III) mti'joi^. mmti^j^Aioj:u=^y)i'')^>\'(DmQi)i?m. £ 
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(X) 



(DHQD)2PHAL 



^m\zni^n^o m^^t AD-inix-i3^ffltiniiD-?g5mvx5^ji/xxx;u7!)« 

99%ee £^±®SVi)t^M^tr#^n^, Cia)ct^t'LT#6n/criSm-:^X5^;U 
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oumntz^m^^r^MzmLxmy^t^o 

'b-^^Aj. -fmo)m^m\tz.0iiim<Dmmiz-D\^^x<Dm^mf3.mm^n^rzi^ 
(Dm^x$>->x, z.n^(Dm^\z^^xz(Dmm<D^m:dw^^n^:^titt^^\ 

^ru.ii^m^m'^ym7i(.mitLrz (2s) - ci. 2-'^Cj; 2-'5n; 2-^ 
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(1) (2) (3) (4) 




<XS1> 

XmmM<D^f^iJL p. R. Karthaetal.. Tetrahedron Lett. , 27. 3415. 1986) 
^##lc: tu 1 -"Cs3 -rjT'jm-XdO.OBg. SS.Smmol) (1) <&l^f4{c:fflliT{k 
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f 
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(2) (12. 55g. 48. 2moI. 87X) ^ntZo 

2 ) (12. 55g. 48. 2nimol) ^^MBMO^m (Nicolaou et al. . /. M Cbew. 
Soc no. 4673. 1988)<&fflvmb^tl (3) (22. 08g. 44. Smmol) 

%ibnfc{C^m (3) (3 8 0%-g^m3 0 Om I ^m^^Lfc^. 7 sr. 3 

^fflliT^fci?&T§f^«^415I^0MUb'&«fe (4) .htfc^, 3titlS«<7)¥^(C. 
Hubschwerlen et al.. Synthesis, 962. 1986) ^ ffl 1^ T g 6«J tl (5) 
(l2.9g.30.2iMOl)*{b^#l (2) 75^e»6 8%©JR^-e#fc. <XS5> 

^k-&tl(5) (3. 66g. 8. SSmmol) \Zik\t^^V>l 5 0ml ?:j!)Dx.^^$1tfc^> 
V 'J (73. 8g) > Wj^m^ h U :/^;UXX (5. Og. 7. 2iiiinol) ^JP^ 1 8 mmW^ 

(6a) (3. 13g. 7. 29!Dmol) ^85% OJR^T?#fc, 
<IS6, Xg7> 

it^m (6 a) (Joseph A. Tinoetal.. /. Med Cbeni. 36. 

1221. 1993)^#^tc:5{i^h'>;Wkb/!:o #e»n/S:'fk^tl (7) ^xh^fcHo 
:7^>8 3m nc^;{)^L. 1 M-x h^:7"'5^;W7>^::::0A7;i/^U hVx 
t H uyyym^ (13. 9nil. 13. 9iiimol) ^JbD^. ^iST 1 5 ^^-r^mJ^ Ufco j^f&ig^ 
tiS:'\^1j-> : itmx5^;p= 1 : 1 ©'>U:^jy;i':tf^A^o-7 h^^.7^-T?f 
Mb. it^m (8) (2. 73g. 7. 79iiimol. 67a;) 
. <IS8> 

-(b^#l(8) (2. 22g. 6. 34iiimol)$m^5^>l 1 0 mlMji^L, or^T'S 
Dess-Martialim(8.05g. 18. 99iiiiol) S:JlP^TOt:<D^^ii#Ufc. ^ 
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mmm7i(.mi- h u ':7A4 om I tmmji^)is om i ^m^musj^rmwi^tzo 

mmmWLyi^^i-h*)'y2^5 0mlT2m. 7jc5 Om 1 TllHl, Zfy^y 5 Om\ 

T- 1 m^^. mmm^mki- h u ^Ax-^B^m&mmLxit^m ( 9 ) ^ntzo 
<xm9> 

tHZTi^mit^Omi- h U -^A (120iDg. 3. ITimnol) ^;<^y-)V50m\ izm^^VX 

sn^fc, 2 7K?§*^ e. ffi UT 1 . 5 mmmw'^mmco r-t h > s 0 m 1 ^ 

;P4 Om 1 ^JbOATTK (4 0m l XI). ^^-f > (4 0ml XI) "e^jtUW 

h u OAx^mmM&mmLxit-^m ( i o) 

<XS 1 0> 

it-^m (10) ^DMFfC^jllUS^gmLT, 7^';i/-r 5 U "^A 
(1. 76g. 9. Slmmol) ^iOAfco Ctl^ 7 0 t:©^frT 1 Oi^MM^UT, Ji^, 
^•t>-> : fti^x9^)U= 1 : l(39->U:*'Jr>;^j^A^D-7hiy^:7^--eiliMLT 

(11) ^mzo 
<X@11> 

it^m (11) ^mm^omi t5N-mm5Omi0m^mm\zmf}^\^x6 

5x:(D^^ximmmw^'itrc. ^ut-xn^xtz^. mw^t^^^^KUno 
4 (4 i5g. 26. iiDBDol) <&jp^T^ia-e 3 mmMW^fco ^^^mk-r h u 0h.^^iA 

mfL^I^XlBXX. $e>t7K^2 OmlJoAifc. lg{l:;<5^U> (3 0ml X 3) 
TiSaiL. ^M^tK (2 0ml X2) -Z^gfeifL. l^^i?:?- h U OAT^j^^MJBt 

mmut^m (12) ^#fco 

<I@1 2> 

{k^tl (12) 1 N-J^M5 Om 1 XMM^^tz. '^n^^Ctz&^^^m 
^B^^Mh. Dowex50W-X8 Ti^ML, S S D-:^U v>( 1 3 a) ^%tz, 

2 0 
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(39lmg.94. 95iiimol. 78%) 

Kit-^m (6 b) <D^j$.> 

it^m (5) ib^ibit^m (6b) tt^^tiZX^2^(D±i^mm*^^(DSS 
D-^^U-» (13 b) (D^0^%'SimX*$>^o 

1rtj.t)-h. \\L-^m (5) (5. Og. 11. 72iniiiol) <5:S?X5^;i/X-rJ^ (30 0ml) 

;l.x-x;wm (17. 96g. 69. 54imol) ^J)ax.T*^e> 5^);rplMl*tv fiTK^^k h U t 
e r t-yh4^i/7;^5X'>A'J5"'>A(8.88g.34. 77iDmol)^SPATO'C(7)^S 
4 I^PBlJi*^ Ufc, O'CT'lN-j^SESOml ttJ AT 1 0 ^J-Fb^M^ L »KX5^ 
(2 5 Om 1 X4) Tia{ULWaS^7*^-f > (1 0 Oml X 1) T'^^U. 

igs?^^^>->':7AT^^^. ^mMmx^x^^m (sb) ^ftfe, 

±ieSSD-^*U'» (1 3 a^S^l^l 3 b) ^S^STOlca^iityyD-tT. 

>X^^a^*EPP 1 b (5^^»1 8kDa) ^fflV^fc, »<7)««#^ffl 
-Sin vivoHamP^^J-cfc^T^v G 1 y©pC5^l/>yD i7'J>'>- 

(SHMT) (Df^ffllCd;OIl&^<Z)m-i£m^ff^X^il<i:liaiiT'^-pfc. 

S 3 invitroSeS^^K^ (OT, *$ifflflaS 

S^ltt^^^OO. -SIS©SSD-i^U->X (2S) (3R) - CI, 

2-'»Cj : l-'^N : 2-2HD -G ly. -e^p^bfcE P P 1 b08i^«5!]L 

2 1 
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mo^^ (LKariya et al.. / B/owoL NM II 75-76, 2000)«oTPML 

(2S) -. SIX (3R) - Cl, 2-'*Cj; l-'^N ; 2-2h) -^iJv> 
^IROii^-B-fcEPP 1 bii*4, tl, 2-"Cz;1-'*N] -i^/'J v>S:m*i^ 
^fcEPP 1 bli^(D*^{COViTa!l^Lrc'H-"C HSQC7.^i7 hJV^m 

xi^^iKfi;^^]^>-fuh>(DiLW^^mmmitmm±^^mx$>^c -is. 
i^^mmzm7i<imit^nrcs s d-^u -»^^032i^-B-fcMeKT'«NMR7. 

hMii^':f-rjv<Dmmt^^izm'PL. t^-D^^uy^u hymo)7.\i>^ 

^iz^^yir-rjViD^^^mmcom^^mfi^ti^o :i<DJ:oizx^i7 h;i.«s^ 

©^'j 'y>misi&}mmmmit^n. ^x(Dzy^-r)i^^-A7tNMR±x^mLx 
mmxt. i^rziLi^w^mfSiiy^i-)i(Dmmimizunmmmmxm lx^ o . 
mrz\zmm^-r^'Z>'mittji\^\ m^uct\t. yLmt^^mmfimjLxi^^^rc 
tb\z. -m(DssD-^^ji^>xmmi^rzmBKWh^<Do-^. Mm^-;^®^:^^' 

i-Mm^^n. i^^'±)m^Rzsmit^mz^-r^mm^mL< ^mr^ysm 
^mmt^ztib^ssmizfsi^o 
mmm 2 s ad - u i?>^m^i^/vrcmBn(DmmtNMRm^ 

(2S. 3R, 4R, 5S, 6R) - Cl. 2. 3. 4. 5. 6-"Ce;2, 
6-'*N,:3. 4. 5. t)i^> i&rf. SAD-'Jv><J:P?^) (D^ 

2 2 
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<Igl3> 

HMtmo^miVi Oba. elal.. / Org: Cbew. 64. 9275. 1999)5:1^-^13 
C-SilLfcL-y;i'i5' = >m*^e»^«bfc (2S, 3S. 4R) - Cl. 2. 
3^ 4^ 5-"C5; 2-''N; 3, ^;i/iS^5>i? (OT, SAD-^ 

5 >^i:0?^) (1 4) (25. 02 mmol) 0 . 2 M tf' J v y^mMSJ^WL ( 2 

0 0ml) ic^^SLfc^, tf U JWU >m (200 mg) mSV^f-^ h U-f h 

(120 mg) ^Jn^fcliUv>^fflV^-CpH^5{Cbf^. z.<Dmmz^)V^^ 
>®x*;i'4^^'>^— fe* (1 0 0 OU, 2 1 0ml) $:j!jn^ii3feT3 lX.-^zn 

1 B^fflViT^iiU;^c, #e,n^cgil7Sy :/^>^^5 Om 1 (DTKH^iSL. 
^j:(Ci^K7K^:^h'J'^A(2.83 g. 26.66 ininol)RUtN-Xh+v:<3;l.jJ?ii;U7 
rJ' ;K ^ h* (6. 37g. 29. OSnunol) ^MX^W^ 1 I^FBlMl^L;t.S*S^aKtca^gg< 

2 3 
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fzm. ^^^M^^mmm^mmitit^m (is) (i43g. IS-SZumolTSS;) 
<X@14> 

'fb'&tf (1 5) ^mt^^i^y (2 0ml) \zmmLfz^^ ii^mm^z^^-c 

mt^^:^)V (11. 9g. lOOmmol) ^mXTz. JIC^^^^ST 1 mmmwb'A\^^r4 

ovi:2mmmwhrzm. Kjii^m^^mzmmiytzo n^nrzMm.^^>-\fy\z 

(0. 21g. 5w/w%) RZ^mj^mit h 'J y^^^PXX (3. 227ml. i2]M0l) ^Jto;^^ia-e 5 

ti ^ }V fs ^ i> u h if y y ^ - \z ^ mUly tzit^ ^ (1 6) 
(2. lOlg, 9. 34inmol. 93«) ^t#fc, 

<i;si 5> 

m\Z7T^\^fdmL'J^ h tf^7>'>^»<*: (1. 777g. 4. 95Dimol) ^S^tXib-^tl (16) 
(1. 013g.4. 5nimol)<&7^h^t:Hn7^> (4 5ml) lc^^Lfct)©^7;Pzf > 
#HMT-4 ortc^i^TML, ^^lc;^3U':7A t e r t-yh'^rvH (0. 
6 16g) ©5^>^t:Kn77> (4 5ml) ^fgeSrJn^fc, RJeS^^^^ 3 I^Pb^ 

^)t!^)vtiy h^u^ hi^yy H-'Qmm:-^^z.t\z^y)^^m (i 7) 

(1. 270g. 2. 72iDmol. 61« ditfetlfc. 

<TM 1 6 > 

(17) (1.251g,2.68inDiol) ^e^mx5^;i/ (2 0m I) (C^^L;^, CI 
nn-M<fce^(0. 023g. 0. Immol) «:lP;^, lsL^^^\^(f^'^nM.imii7.-Qm.WL\^ 

2 4 
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fco a7K*;tf 1 k g f / c <»! L^tST 2 I^Mt^Lfc. Mli^M 

MJBEiii^^ Dowex 50W-X8 ^ffl V^T^ :t >^mr^ C ^ tC J; 0 S AD - U 1 
8) (0. 360g. 1. TSnimol. 65!i;) 

SAD-'Jv^>^m*Ji^?'cEPP 1 b«ife5:l3fc©;&^(E. Kariyaetal.. / 
Bioml. mil 75-76. 2000){CS AD-'J v^^^^JnTSdiilCjcOiiSt/io 

<^ig^g e K<o N M R sy^fisj> 

NMRSimiw:S:lBt!;®^#(E. Kariya et al.. / BJomJ. m \%. 75-76. 

2000) ^ffl v\ iixi2«(0ges^P,NM R{t^a)!iiP(D'i*^^ htizmm^n-o 
^To 3 cfc t) , s AD - u i^>^w.^ihAjtcm&w\-m^mzit^xs^m 

(2S, as. 4R) ~ (1. 2. 3, 4, 5-"C,: 2. S-'^N^; 3. 4 
1 7 <!:bTI¥SeJc:lftWt-S. 

2 5 
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0 

(14) 



zai7 
— > 




♦="Cor'*N 



<X@17> 

^^y-ju (1 3 0 5^1) MM (5 5/i 1) — 1 ox:\zn! 

^(Om^^SAD-ifJV-^^^yfk (1 4) (9 8mg. 7 1 9 nmo 1) f)^ 
AoTVi^S 2m I (D;U TMzmX- 4V\ZX 1 mm^WL^^^iZMV-^ ^\Z-2 

mmwi^Tzo mwmTm'c\z^t>-D-D. -i^itmm 1 5 e ^ i ^m^tc. ^ 
mzmij^vm^:t>^w^mmmm-bQ. m^^yis^mmm i raq e s BRum 

-f:t->lgmilil RA6 7tCJ:O0^«iaUSAD-Wi$'5>(l 9) (2 6m 

g) ^mtco 
<mmmmn<Dmm> 
±gBSAD-;^;ui$'5> (19) ^u^iL/vtzm^mum^it. ^T)vmBmz 

EPP \hm&^m^\ iiiXI2«W^#(E.Kariya et al.. /. BIomoJ. m \Z, 

75-76. 2m)\zsAD-^}v^^>. if)v^^ym-'if)i^5.>m(D^^\zmWi 

n-f -»$r^-rsc:i:lc<fcOiiSlL;fe. ^tii^O^Mmt^^O) in vivo MS 



2 6 
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<Mi^M e N M R m^m> 

NMRUn\tmSMm<D^^fE. Kariyaet al.. /. BloaoJ. mil 75-76. 

(2S, 3R. 4R) - Cl, 2, 3, 4, S-'^Cj; 2-'5N ; 3. 5, 
5. 5' . 5' , 5' -^He] 0-r>'> S AD/P DM- v><!illf 

S) X=t^-A4ic:a-pT, 1 8 3&^e.Xg 3 1 <hUTi¥iBlfcra-r 
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<xmi 8> 

SAD-if)V^2.>m. (14) (2.56g. 16. 5nimol) ©X:$'y-;i/^^ (2 Om 1) 
izmy. (4. 52g. 38. Ommol) ^mTV. ^MX'-mrmWlytc'^. 

2 8 
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0) ^mmmizmzo 
<xmi9> 

^-^m (2 0) (2.73g. 16.5iiiinol)©7^h7t:K07^>^^ (17ml) iz^r 
h^t:HOJf;'^®?'J5^':7A(0.40g. 18. 2iiimol) Ox h^b Kp7^>0M^^^ 

(17ml) ^my\^. ^fi-T?2 5I^PBm#U;^Co SJiS^g^ifet 2 0 (2 
0ml) ^Jn;ifc^MJBEjilSLfc. Dowex 50W-X8 -eMtfem. MH^S 

mmk. w&mm\^^^m (21) (i. oeg. 8. esnmoi. m) ^ntzo 
<xs2 o> . . ■ - 

(21) (1. 06g. 8. 65mol) 0DMF^J^ (10ml) t e r t -:/5^ 
u U F (i. 44g. 9. 52iiiinol) t< ^ ^''J-)V (1. 36g. 19. 9infflol) ^ 

X'^mLm&mmi^xit^f^ (22) n. 69g. 7. 14^01. sax) $#/c, 

<Xig2 1> 

it-^^ (2 2) (I. 69g.7. HmmoDWDMF^?^ (1 5ml) (Cv^- t e r t- 
Z/^)l^i^ti h (I. 87g. 8. 57iiifflol) ^mXfcm. -J^^JUTS./ f'J v> 

(0. 87g. 7. Mmfflol) SrJa;^, g?ST2 2l^rBlii»Ufc. 

tz^. m.mr^^^=-yOhxn^i.mm^^ii\^m^m^=y^):h^)V'^u-^ h 

^yy-i- (ill§^«i'\+1i-> :ftmx^;l'=8 5 : l 5) Xl^m\^X\t'tm 
(23) (1. 90g. 5. 64iiimol. 79!!;) ^^tzo 

2 9 
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<X@2 2> 

(ll.Sml. ll.SmmoDfCS. 3 --://5^;uyoh°U> -^1/7(1.45101. 11. Smmol) ^JD 

xovx'i o^mmwvrco Brz^rm^ut-^m (23) 

(1.9Og.5.64iiimol)05"h^t HD7^>}t^^ (10ml) ^JoAI^iSSlrS 0^ 
m^bit. $e,{c*g{k7i:::;HiU^n;Kl. I9g. 6.20iiiinol) ©xh^t Fny^ 

>mm (10ml) 8x:ii2mrmwvrzo mf&mx^Kft^m^m\zm 

A^Mit3Oit:^^)V{0. 90g. 6. 20Dimol) ^Ua^^Uiz^i^Ltc^Ji-y-Jl^^jMX. 

m^^1)->:mm.J.^}V=9 4 : 6)-C^ilUb^t»(2 4) (1. 52g. 3. OBinmol. 54X) 

<Xig2 3> 

il:^tl(2 4) a. 52g.3.06iiimol)©xh^t Fn^^Xl 2ml)m^^0V 
\zK^mV 3 0 %3Sm<k7K^7K (3. 47g. 30. Gmmol) ^iSTbfc. 1 NffB^ 

li'N^it^ : g^mx5^;i/=8 5 : 1 5) xmUl^it^m (25) 
(0. 806g. 2. 36inmol. 17%) 
<IS2 4> 

^b^tl (2 5) (0. 806g. 2. Seiamol) ©/^/-JI/^fi^E (2 5m I) H-^^fc;e# 

(0. 04g. 5wtx) ^jp^tk^^h^tt 1 i^fBi^Lfc. mm^^mbfz^. ^m^ 
m&mmut^^ (2 6) 

3 0 
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<Xig2 5> 

it^m (2 6) (0.81g.2.36DiiDol)(D^^y-;U^?g (2 5m I) lCp-K;i/X 
>7.;i/7}N>i[ (0. 04g. 0. 236iDiD0l. lOmolii;) ^ia^MMX' 1 8 mmMWVTc, i^JiSzg 

7 ) (0. 426g. I. 78iniB0l. 75X) ^#fc, 
<XS2 6> 

^b'&i^ (2 7) (0. 426g. I. TSmmoI) OT-fe h ymm (10ml) tciia -^^K:?- 
hU'j7A(3.81g. IT.Snimol), ilftJUx- "^A 1 TfcfP!^ (0. 1 1 g), H20 (1 

2ml) <Dm'^m^ni^ox:-^immmnLrco ^u^x-m^i^rwizimr^m 

w\.tc^. ^mm^^mi^-i vynAy-;i. ( 1 om 1 ) ^-hn^ i mm^Wl^Tc, 

M^mT^mm-^^'^i^'yL.X'^mLmm^^^vxit'^m (2 8) ^^mm\zm 

<XS 2 7 > 

N, N- v^5^;U5iN;i/A75 Ki^^:t^>5^;i/7-lliS'-;K0. 74g. 3. 21inffloI) t 
ter t - / -JV (0. 40g. 5. 34infflol) (Dm^m^it^m (2 8) (0. 45g. I. TSmmoi) 

0^>-tf>^f^ (10ml) {CjlD^Lfci:;{)^'e,in^. '^\ZZ Q^WfiLtz. Kmm 

A7K^^,f§»it^k;:h h U A*^?KT'«fet*bil7Kl^^"Ti^:^i->'^AT^^Lfc, 
y : g^i^x5^;i.= 8 0:2 0) TltilLik^i^ (29) {0. 271g. 0. SSimol. 49X) 
<Ig2 8> 

<b^«^(2 9) (0. 271g,0.88Mol)Oxh^k Ko7^>^^(l OmD^EOt: 

3 1 
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tcMLlM L iOHTK^i^ (1. 0 5m I) ^?gTLfc. Kft^U'^'^^t^U 

<xm2 9> 

{b^«^(3 0) (0. 287g, 0.88inmol)©7^h7t Ka7^>^*S (1 0ml) 
;Urf>^DitT-4 O'C{c?^3^bh«JX5";i.75>(0. 12g. 1. Ummol). ^oa^i? 

V (o. i5g. i. osmoI) ^uda i i^p^mi^ Lfe, mm Lfc h u x^^ji^ts > 

C7A(0. llg. 2. 63iDmol), 7^h^h:Ha7^> (8ml). StK (6ml) Oig-^tJ 
<&l)n;li. Si^P^mi^Lfeo Si;Sii^^^Simx5^;i.Tf&f?L;^im, t§?P:S^b:^ 

y>;^7^Ai57D-7hi^^7^- (Jlll^^'\^1t> : i^^X5";i/=7 5 : 2 5) 
T^MUfb^i^ (31) (0. 168g. 0. SSimnol. 61X) ^#^c. 
<X@3 0> 

h U 7 xxjl/ 7}%;:^ 7 -<> (polystyrene-supported 3mmol P/g 
resin. 0. 39g. I. nmmol) (D i7 u n ^ > mmm. (5ml) \z 3 O M 

(0. 30g. 1. iTmiBoi) ^isa^^^x I 0 ^mwvrcm.. -i b.^v-jv 

(0.08g. 1. nmo\) ^UaXMUX 1 O^mWlyfz. J^^&^g^'#I{C'^k^tl (3 1) 
(0. 168g. 0. SaSmmol) (Dz^^ au;^^ >t^m (15 ml) ^SoA 2 mmMmVtzo 

l^l^Xit-^m (3 2) (0. 199g. 0. 468iDjnol, 88« 

3 2 
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<xm 3 1 > 

it't^ (3 2) (0. 199g. 0. 468nimol) <D^>i£>m^ (10ml) \Z^mit h U 
:/5^;U:^X(0.21g.0.70iiBnol) <h7Vt'7.-rV7>Dr:h'j;KAI BN) (7. 7 

mg) ^m^immmmiyrzo mm^^^iytz'^^ nmziu dsm 

jgliSU Dowex 50W-X8 -C-r:t>X^<S:fTViSAD/PDM-n'f ->> (3 3) 
(0. 0486g. 0. 34iDmol. 73X) ^#>t, 

±ias AD/p DM- o-f v>^m*3^.^ys:Ma®TO<z)iass«, ^x^pms 

StcEPP 1 bMa^fflViife:SCfBlfe(D^f!|={E. Kariyaetal.. /. Biow/. mU. 
75-76. 2000) fC S AD/P DM - o-T ->><S:^JnTS C ttc J; OPMbfc. 

<mmm e n m r aij^ify> 

NMR|$;^ttiii:$:fB«0^#(E. Kariya et al.. / BlomJ. MR II 75-76. 

2000) \^\f^:xmn(DmB n±.mNMRmn(Dmm<Dmm^ % t \zmm^n-o 

SAD/PDM-a-r>'>^^Oji^-&fcEPP I bSfc^tCOViT'H-"C 
CT-HSQCi^^^Lfco Cu 1 -"C ; "*N) -U^ z^>^m^TL/ytm^ 

mt<Ditm^m5]kism&iz^-to ^sRo^Be^to, sad/pdm-p-tv 
i^Nf e > ^ t) fcT^f ^ 2 c CO ^ ^ t bx* 0 , m^jo) ^ =^)mi,t 
c\z^mvx$>^o zfnh>m&i}mTr^ftib\zm^f}m{>b. STK^^bict 

3 3 
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e:(0ck-5 {cs AD/p DM-T = /m^ffivmti^T^yp hy^^r^mm 

^■r (2S. 3R. 4R) - Cl. 2. 3, 4. 6-''C,; 2 -«N ; 3. 4. 
6. e-^H^) ^^:t-> SAD/PDM-^5"^->iII?i<) (D^0^ 

^, X^-A5{C«ioT. Xg3 l;6^6.I@3 8tLT^KB{CgiW-5. 




tf D 
(34) 



D 
(35) 



(36) 





^ v 
D 

(4d) 



(39) 




(41) 



34 
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<Xg3 2, JlU3 3> 

XSKiBfc^^feOC Ramalingam et al.. / Org. Cbea. 53. 1900-1903. 1988) 
^##{C(2S, 3R) - CI, 2. 3, 4-"C4: 2-'5N ; 3-2H] 
^^>m (3 4) ^&l^r4t3ffl^iT'fb'&«fe (3 5).'\'^mLfc. Z.(0{\:^m (3 5) 
(2.82g. lOmmol) ^xi:7DO^iS'> (10. 0ml) l;:^i^L, 
Dess-MartiiiperiodiQaiie{4 84g. 11. 4iiiinol)<^:^'ft;^5^1/> (3 0. 0ml) ^fig 
2 0 55^*HtT?iT Lfco $ ICl I^PpI^ Lfc^. vX^;UX-x;i' (50m 
1) :;^>:Vil:, ^?Pm^7K^:M-U'^A (5 0. 0ml) \zj-^^mi-h 

uc/A (15. og) i£^iiffct>©?&jD^i o^i^fBmi^u;^, ^mm^mamm 

imi-V^)^h. (50. 0ml), 7K(50. 0ml) T'fcfc^, 

^^■y^- '\+1J->:g^^X5";i.= l : 1) T'tt^L^«6<JlC<b^tl 

(3 6) ^t#feo 
<Xg3 4> 

^^HH^T. im^7)V^:^'^K^)^'0U (60. Ommol, 2. 28g) {rxh^k Ko 
.7^> (4. 0ml) ^tnx.;tt>a)lC. X^/-;l^(60.6ffll. 2.78g)i:5rh^tiH 
U-7^y (16. 0ml) >&liiffet)©, J^:ViT (s) - (-) -e:h70h- 
;K60. eminol. 17.34g)$xh^t: Kn:7^> (90. 0ml) {c^jSLfcfc©^:, 

0'C(C?&^L, cn(c:ft;^i^(3 6) (1.67g.6.00iiimol)<&5=-h^t:Ho7^>(l 

1. omi) mm\yn.%(r>^^yny'y'^'^^^\zMx. w^mL^\^xznfmw 

Lfd, ^0^-7 S-CTfl Of^r^M^Lit. ^^:tcO. 5N-JaM (1. Oml) 

3 5 



wo 03/053910 



PCT/JP02/13303 



mm ^+1t> : @lFilX^;i'= 1 : 1) T-fflML{b^#J (3 7) ^nfzo 
(0.3i5g, 1. I2inniol. 19%) 
<xm 3 5 > 

fli^tl (37) (0.315g. 1. 12iimol)$:m^^l/> (15. 0ml) izmMl^. 
^Sm^T. 0 ^{C^JViT h VJi^JV7^> (0. 125g. 1. 23inmol) ^M^. 'A^^r^ 
^ y7.m^~)\^fp □ 'J K (0. 141g. 1. 2301101) 1 ^^m^X^tz.. tK ( 1 0 . 0 
ml) ^JDX., 55)-rpm*fLfc. ^tC, ^r^S<£0. 5N-:^^k;7K* (3 

0mlX2). tK (30mlX2). ^^mMtK*:^ h U C^A (3 0ml X 2), 
gS^^JgTK (3 0m IX 2) T'^ofc^, Sfe^T^^^^v^^/AT-^^U ^j^^g 

* t fee # e>nfcfe4^iii^ >- u ;^^*;u;^7 ^A^^Dvhy^7^ - (jirj^^j* ^ 

^•tl->:|^^X5';i.= l : 1) TffiMUfti'&t/ (38) i&ftfco 
(0. 360g. 1. lOmmol. 98%) . 

<X@3 6> 

ib-&i^(3 8) (0.360g, 1. lOmoDtCTK (2 0ml), U e'A- 0 - t 

h (0. 225g. 1. 21g) , TU □ - h 3 3 6 (33. Omg. 37. Om 1) <&in 
Afc=b(7)$:^ia-e3 o^«L<«#U:fc<, 4 5^7!)^e> 5 oSftfi o^J-PsI 

b fc^, 1 0 %\>X}lM-^X 7 5 e> 8 0 ggtC L , $ e t3 2 0 ^J-Fb^^ L fco 

ml) ^iPA, W^H^tK (3 0. 0ml X 2) "C^li, ^-^^^'y^hrm. 
^l.fco#€»nfeffi^fig#i*S/U;^jy;i'*'^Ai^nvh^^7^-(Jill^ji ^ 

: i^iEX5";|/= 1 : 1 ) T'ttil tlb-^tJ (39) ^^/i. 
(0. 101g.O. 340iniiiol.31!li) 

<X@3 7> 

^^^SeT, -(b^i^ ( 3 9 ) (0. lOlg. 0. 34O01BI0I) h ^ t K P 7 ^ >(15. Offll) 
tC^^Lfc. -7 SgtdiiViT, 1. 6M-n-:^5^;i/U5^'>A(0.233inl)&SDA 
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1 s^mmw^fc^. "cDjHi (54. 2ing. 0. 374iiiffloi) ^m^9 o^fmmwLfzo m 

?oi^<b7>^-C7A (1. 0 0ml) ^sn^, s^^mmwi^fco mMizmbXT 

HF?:g5SLfc^. Mx5^Jl/(3 0. Oml) ^jJO^. 7K (3 0. 0ml). m 

ft^i^TK (3 0. Oml) i^mmm^m^. ggm-T^t^i^c^AT'^^L, mm^ 

'S^^li-^ : i^mx?;V'= 1 : 1) X-mUVit^m (4 0) $#fco 
(99.3mg.0. 317nniiol.93Si;) 
<Xg3 8> 

^b-^tl (4 0) (99. Siflg. 31. Tnunol) \Z 1 N-MB. (15ml) ^ia^. liom 

^!!iDGwex50W-X8ICcfcO^MLSAD/PDM-p^5^:t-r:> (4 1) ^im^M 
mzmzo (50. Ifflg. 0. 320ing. >99X) 

±l3SAD/PDM-^^:^-->*m^ii^fcMasl^^Bftt. ^xju^estc 

EPP 1 bga^fflliiiXI2«<^^fr(E. Kariya et al.. /. B/owl m IB. 
75-76. 2000) (CIS AD/PDM-^5^:t—>^lliH"r^C<f:lCcfc0ilMbfco < 
^il^SK0NMR$!l^i?i!> 

NMRIi^«iSi:S:l5«®^#{E. Kariya et al., / B/om/. 18. 75-76. 
2000) Vi, ^:5tia®©Se«±fiNM Rm^©JiS©1t^<£ 'b i JcDiM^tf o 

SAD/PDM-/^:t-->^^OiJ.^-&feEPP 1 b^^{COl.iT'H-"C 

mBm\t. '^^m\zit^mit^nx\f^^zt:d^t>-d^^o ^rz&m7s.ym(Dm 
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(2S, 3R) RXS (2S. 3S) - C3. 2' . 3' . 4' . 5' , 6' 
:S:i^i2*^<D:&&{Makoto Oba et al.. /. CJiem Soa. Perkin Trans. 1, 1995, 

^«,^^;i/MeM{cEPP 1 bMe^fflVi^3!:ig«(D^#(E. Kariyaetal.. / 
Bioniol. Nm\%, 75-76. 2000) {cJ: DISMbfc„ 

NMRM«^XIH«0*#{E. Kariya et al., / BioMol. NMR 18. 75-76. 

2000) ^ffii^i. mmm<Dw^m.^i^uRm^<DmmommL^ht\zmm\^tc. 
mmmmm.T^jm^^KiTL'^'^itEvv i bij!pftoviT'H-"c hsq 

*}£-Cttlgi^^ofcNMRX'^^ VMZlS.^t^iai'BLXS-h). SSD^HlTS/i? 

Hi s 9.2tc:i3tt'5X^<X7^-iS'^09H^f. 09©J;-5{c:S S D^HIL 
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±mmii&m\z^^^x^fSi.Lrz sail Ts.ymm-<D sail 75.ym. -tut)-^ 

SAILT7;i>, SAILAUX SAIL-TVP-T v>. SAIL-kU>, SAILyD'J>:5^ 

SAILT^->a)-&^ 

[1. 2-^3C2: 2-^5Nl^U>'>P^5^;UX7>x;U®^>y7xy ><5> 
^rfflVifc5/'y 7:g«7;WWbfc:J;0-&figbfco'g-^tfc SAIL T^->0«3i^ 

SAILA''J>®-g^f£ 

^mt'r^UW'^^-y\zts.^mzlcnMW.(r)-l3Wi{]zc)Ll. Baldwin et al. 
Tetrahedron. 51. 4089-4100. (1995)) ^-gK^HLT^fifebfc (X^-A6), 
■r:^t>-^, SStCll, 2. 3, 4-^»C4 : 2-' = N]TX/1^^>®l^fflVi> 
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SAIL :/n U XD^fiK 
Icmmmo^^fiL Obaet al.. /- Org CheE 64. 9275-9278, 1999)^1^- 

{c: »c, » mmmvtz.^^-'if)v^ 5 ymfi^^mmvtio -^^.vrc sail 'j 

SAIL7;l/4::=.><Z)'&fig 



17.^-1.7] 




<Xg4 1> 

xgi zrmi^nrcit'^m (i s) (2.41 g. 10 iiiiDoi)^:S<b;pC5'i/>{20 mi) 
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izmmvtc^. :i(Dmmzm.u-cMit^^=.)v (ii. 9g. loommoi) ^m^tco 

Tsh^J y3L^)V:^7.y^ yj'^^i^^A (0. 21 g. 5 wM) sr^fiTK^^b h u 

;!^7.X(3. 227 ml. 12 mmol) ^SD^SiaT'S^^-FplJil^ Lfco Sf&^g'&tl^iilS^. 
'\^-!^> : i^i^x5';l/= 7 : 3 ^fflVifev^UJ^^^J^J^A^DT h^^7-f-fC 
J:OfflMUb^i^ (4 2) (2. 101 g. 9. 34mmol. 93X) ^lifc. ■ 
<XS4 2> 

(2ffl-[2-'*N]-7x=:;i^^U->/-;K0.44g. 3. 2 mmoiy ^^t;-&i^4 2 (0.721 g. 
3.2 mmol) (D^ity^^Uym^ (32 ml) {CSP^^m^fflmT^iaX' IPtFelJI^^L 
fcc ^ TO - ^^TMfc:^ h U -^^A (0. 32 g, 6. 4 mmol) St/fg^St (0. 387 ml. 
6.4 mmol) 4mmMWLrco HfSM^tllc 6M mmilQ mi) ^ 

ti^A^n^h^yyH-t:m^^xmmiiyit^m4 3 (O.7624 g. 2.044 mmol. 
<X@4 3> 

Xg4 2T#e)tl/c'fb'&«fe4 3 (0. 7624 g. 2.044 mmol) : ^PD 

*Jl'A= 1 : 2<D^^(24ml) tw^i&^L, OViZl^mttzmmW^yz^Ol:. (1. 55 g. 
3. 17 mmol) ^m^S^mmW^tc, KJ^^mmiz 0. 2 # U >S^«^{50 ml) 
?L0X:X4 O^mWl^fCo ^O^^i;fc^S2:iSiiLfc^M^^aP7}NjUA<5: 

?^^{C?iJ^^(50mI) ^IM^I 4 Ot:©fft?g<7)5l^rBHi#LfCc SlSM<&MJEii 
i^^ Dowex 50W-X8 ^ffl V^T-T ^>^m-^ Zt\zJ:K> :t)V-^> (0. 583 g) ^i^^ 
e.n^.=^e.n?t:t;l'::i5^>$:7K (3 mi) izmmiy^^^^Wtm (l. 62 & 7. 32 mmoO 

4 2 
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^^\Z Q-^'^)V-i'jmm^M^{Q.2A6 g. 2. liemol). 4%7K 
M'fb:fhU"^A7K^^(l. 15 ffll. 2. 116 imol) ^mX'^U\zmL 5 BmmWLtCo 
Kmmm^ Dowex50w-X8 ^^V^TfflMb, #e.nfc7;!/^->{C:^m?:JP^pH 
^ 6 IC Z.t\Z^O 7)l^^=->mk& (0. 394 & l. 765 fflmol) ^#Jt. 
<XS4 4> 

(2R)-{2-''^N] 7xn;i/^^'j vy-;KD-&5£ 

50 ml O^- Iz-y^lca^iSj^^^. a-Zfn^yj^-)Vmm (4. 3 g. 20 
mmol) S.t)^7^^/-;K20il) ^Ati. iintrTkfStcJzOJ^aiLfec ^C{C7>* 
r:T:tf;^^ggfPJc;^-5^T'ftAbfc^^#*b^StCMbT2 4I^F^1«$bfCo 

^fi:^^iz^crc^^B^mMi.tzmm,mr^zt\z^y) (2sr)-[2-^=n] 

:^>i|/^'U>^>(2.733 g. 17.98 oanol) ^#fCo #^nfe(2 SR)-[2-^'N] 7 
3i-;U^U>'>^:5:i^fHit©:&S(T. Shiralwa et al.. ^i^//. fj&effl Soc. Jpn., 
64. 191-195. 1991){C<k»9 (2R)-[2-*5N] 7xn;i'^Uv>{c:^^bfc, iR 
1.90 g(l2.498 mioDlf^ofc, ^^tlfc (2 R)-[2 - ^ ^N] 7x::i;i/^' 
US^>$:S:itlB«t©:&S(ErQestoNicolDs et al.. / ^r^: ^SfiE. 58. 766-770. 
1993)tCj;0 (2R)-[2-"*N] y :sL-)Vif^} J -MzW^Vtco iRStiliO. 125 
mmoDTrfe-pife., 

SAIL y P-f '»«TIBtC^ Lfc:S:SK^#%(C7.4^-A 8 mS7.^-h 9 {C 
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<I@4 5. Xg4 6> 

'^ci^~mmm^mmi^^mn\zm^'^xxmmm(y. schurigetai. / ors 

Cbem. 45. 538-541. 1980) (Dl5m^%mV[\, 2. 3. 1. 1. 

4, 4-='Hj2. Z-ZT'^y-y^-JV^^^htz. 
<Ig4 7 7&^e)Iig5 1> 

Ig4 6 {CctO#e.nfc7'iS'>v:t-;i'^:SCi^ie« (Richard IC Hilletal. /. 
Abl CbeuL Soc. 102. 7344-7348. 1980) ©^^^^fMbT-f VlSm^v^^bfe, 
<XS5 l;0^e.Xg5 4> 

Xg5 1 {3j;0#e.n;t<VISai^:S:i^i2ic (Nicholas M. Kelly et al. 
Tetrabedroa Let., 37. 1517-1520. 1996) 0:^ft^ftjffl US A I L<y o< 
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<XS 5 5 > 

it^<^ (8) (794g. 2. 21iDmoI) ^3tg^iB«©^ffi ( Y. Ueno. et al. CieM Lett. 
795. (1983)) ^ffll^iT^k^^ (5 1) (SOOmg. 2. 26iiiiol) Ic^^b^^c, 
<Xg5 6> 

{b^#J (5 1) (SOOmg. 2. 26iiimol) ^mt^^> 3 0ml 0"C*T«g 
Dess-Martin St^d. 90g. 4. 49inmol) <£JDATO'CCD^^ji^^iL;to ^ 

^ft^mTK^:?- h U •:7 A 6 0 m 1 tmmJi^)i^ 5 0ml ^jtoAMO^ 5 ^J-P^l^^ L 
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m 1 Ti liisfe^, mmm^mmi- h ^j'^AX'^m^mzmmLx^t^m (s 2) 

<X@5 7> 

-fb^ti (5 2) ^^3'y-;i/2 Om 1 izmTf)^Lrc'h(D^OV^XWL^^TW. 
CtliZTi^mit^Omi- h 'J C^A (TOmg. I. 75mol) Om I fc^TjiL 

xm^fz. 25^^lc»?S:6^6ffiLTl. SltfBl^^^ttfco 7-trh>10mI 

5";U4 0ml ^JDATtK (4 0ml XI), 7'^-r> (4 0m I XI) Ti5feitL 

^ra®SrS£m:M-U'^7AT^j^^MiEiii^LT{b^tl (5 3) ^lifco 
<ia 5 8 > 

(5 3) ^m.it;<^u>izmmi.^mmmLx. v^^^^^PT^yeui^ 

> (SOOig. 4. 03ifflnol) , V ^) y u ^ y 7. )Vt^-)V !p u ^ ^ \i (500 w 

1, 4. 68fflifloi) ^iM^z.nt:ox:<D^m 1 nmm^hx. z.n\zwmj-^)vz om 

l^Snx.T* (2 0mlX2), (2 0mlXl) T??5fe?^b«»^fife 

i?:^hU'^AT'^j^ma^JE^i^LT^b^!^ (54) 

<X§5 9> 

ib-^ti (5 4) ^ h;px>8 Om 1 ic^j^Lg^M^LT. y^JV^s, K;^7'J 
•i^A (1. 40g. 7. 68imol) . 18-crown— 6 (ISOmg. 0. 56mo1) ^M^. Zitl^ 

1 3 ot:0^#T3 0FBlM#LT?&m e:n{cgtmx5^;n 0 Om 1 ^uaxx 

* (5 0ml X 2). y^-f> (5 0ml XI) x'mw^L^mm^mk±hV'y 

^')]^tl^A^n-7h^^y^-xmmL. it^m (5 5) (421iDg. 1. 36mol. 60!li) 
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<xmeo> 

it-^miS 5) (389nig. I. 25iinnoI) ^«faK(7)#fe(FriederW. Lichtenthaler. 
et al. Synthesis. 790. 1988) Ml^T^k'&tl (5 6) {309iiig. 1. 21mo1) 

<Ig 6 1 > 

'fb'&tiC 5 6 ) (309iDg. 1. 2lM0l) ^ 1 n-mk 5 0 m 1 T 1 2 I^PHlSsS^-fr/io 
(57) ^ntc, (SOmg, 0. 400iiifflol) 

SAIL-feUXZ)^^ 

[1, 2, S-^^Cg; 2-'«N]-feU>?:«iBa®;^^ (MarkA. Blaskovich 
et al. / Org: Chem, 63. 3631-3646, 1998) fijfflLT^VT'k H#: (5 8) \zm 
M\^tzM. in^X=i^-Al l{caoT(S)-BINAL-D ^m^^X^'^WmM^'^ 
iSt-SiI<!:lc:ctO SAIL-feU> (60) 'v^^Lfc. -g-f^LfcSAIL-feU XD^jt 

^01 {C^f o 
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1 ] 




Xg6 3 



(60) 

<Xa6 2> 

LiAlD4 (57. 587 mol, 57. 587 ml) , EtOD(58. 162 nmol. 2. 738 g. 419 g) in THF(29 
ml), THF(80 ml) Jc^j^Ufc (S)-(-)-Binaphtal (58. 738 mmol. 16. 819 g) ^MiZ. 
iaPL. 7;Hf>m^T. MU-^ 30 ^mWm. -lOO m\zLX. S 
(3. 728g. 12. 797 minol) (D THF (13 ml) mm^MlX 3 mmmW'^. -78 gtr 18 mm 
mWVtc, 0.5N HC1 (200 ffll)-e^S^. -fe^-f h^fflV^T^jib. X-.t-JVX' 

<X@6 3> 

it-tm 5 9 (1. 451fflmol) S CHjCl^ (30ml) {c:^^b> TFA (0. 7 ml) t. H^O (0. 50ffll) ^ 
ftlAT, ^fiT? 30 ^^mW^^mmhtco CsCO, ( 9. e mmol. 3. 14 g) ^-bax.. MeOH (22. 5 

mi) t HjO (6 ml) izmMi^. 17 mmuw^ Hci ^ffl viTi^iifc Lfc^-f :t >$em-r 

§ C t {Ccfc 0 SAIL — k U > ( 6 0 ) $:#;fco 

SAIL -yXv-i >\t7.=^-A 1 2 iZ^^X'^^Lfc. 

5 0 
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HQ 




Xg6 4' 



HS 




<Xg6 4> 

THF(6nil)tC, triphenylphosphine (2.46iiimol. SlSmg). 7;Hf>SH^ 

Tx 0^{cbfe„ -^LT. DEAD (D40S;h;UX>^?g (2. 461101. 1. \2m\) tiM^Tco 
ililfc:, -(b-g-tl 5 9 (1. 23miol. 356mg) .h thioacetic acid (2. 46mBol. 187Bg)0D 
THF(3Bl)^?g<£2^^75HtTlSTUfc, ^bT, OS^TlHt^l ^iaT'm^> m 

w^n^fz.mmm. :^^AT^^L.i\:^m ? ^mrzjt^<^ s (o. 326. 0. 94^01) 
THF (5.0ml), 2N NH4OH (5mi) ^ijD^. ^m.-cs o^mmwL. mmut^^s 

SMl77./ty^>m'^XMmW.(D-:^tk a F. Beecham. /. Am Cbem Soa. 76. 

4615. m2)mmh. ^mm\z'^Nmm7>'^::-7-»x^m\f^x^^Lrzo 
>Me^fflVifc. ti)i'E:i^:2.^)>(om^itmmmm.Bn'^^m(Dp^. zubay (c<fc 

■pTSSi^tlfe^Sfe (Protein Expression. A Practical Approach. S. J. Higgins 
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and R D. Hames. pp201-223. Oxford university press) JC^oTffofc. ^<J> 
^\kt<DmmWit±mmiid&^^n-\^ts'yh. (Amersham Biotecli) 

-vm^Lfzho mil) ^m^^rz:it'c$>^o ti)i^=e'jzL^)>Bmmwkti. 

'J >®@B^iJ^#ALfc pET-3a (Novagen) ^fflVifc. C^Mmm^^M 
Idck 0 37t:tCT 8 mmoE}t-^m\ 75 yHig^*^ 44 mg 4 4 mg 

'J >^#fc. CKDJ^tdUTPMLfc SAIL ;«7;1'^:vilU XDSTKm^fc^ 

60 %ic*-eM^i>bfc. 
<MMeK(DNMRi!l^> 

C(Dm\z LT#en;fc sail 'J>4.4ing^lDiM®NMR TOti^S J; 

■5 lOOniM KCK 10 mM CaCl^. 0. 1 uM NaNj, 10 X DA PH6. 5 SAIL 

T'^Tc^NMRiiS^^ Broker DRX600. Sfc«DRX800^fflVi, 37*Clc:Tffofc. NMR 
h)\^mmz\t XWINNMR ver. 2.6 (Bruker) L < « NMRPipe ver. 17 
(Delaglio et al.. / BIowol MR, 6. 277-293. \m)^m\^tc, Jine.0'H-"C 
CT-HSQC y^^i7 V)V^m 1 2 tc^r. SAIL U ><D7.^^ V)VX\t. -> 

iJ7>jK7)5feiijb. ^ao^M^^'^en-So ^fcSAiL ya^T.^^ 

'H-'^N HSQC, HNCA. HN (CO) CA, HNCO. HN (CA) CO. HNCACB, CBCA (CO) NH, '^N-TOCSY, 
HBHA(CO)NH, HCCH-COSY, HCCH-TOCSY, TOCSY (aromatic) » NOESY (aromatic) 
&.±<Dm^(D^. 'H-"C CT-HSQC. HNCACB, CBCA (CO) NH, HBHA (CO) NH. HCCH-COSY, 

5 2 
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HccH-TocsY izioi,^x\t.mmmzj:^myi^m^t} yzf^) yif^mm ltco 

Sk±<Dm^i)^^n^n^7.^^ h)V^ Sparky ver. 3. 105 (OCSF) t.fc0^t> 

^fc, ±i^mTtnwizm\^^^ noe ^^mr^tztbiz. "n-noesy. "c-noesy, 'h-'h 

±m^m. mmz^^i-)i^ommm^^m\f^r. noesy hjimr tiLwm 
^mm^n^fc. ^<Dmn\z:js\,^x\t noesy ^wimmzfu^^Av$>^ candid 

(HerriQaoii. T. et al. (2002). Protein NMR structure detennination with 
automated NOEassignment using the new software CANDID and the torsion angle 
dynamicsalgorithm DYANA. /. MoJ. Biol. 319, 209-227.) tmmmW-m^\:^n 
:ftft:^3#7;U::f>J XAT'^S DYANA (P. Guntert et al. (1997). Torsion angle 
dynamics forNMR structure calculation with the new program DYANA. J. Mol. 
Biol. 273.283-298.) ^miS^-^'&rz'fnifyA. CYANA (the Combined assignment 
anddynamics algorithm for NMR applications, c by Peter Guntert) (P. Guntert 
etal. / M)J. BioL 273. 283-298 (1997). T. Herrmann et al. J. Mol. Biol. 
319. 209-227, (2002) ) ^m^^^lto Z.O CYANA ^ 14 Xeon T^oir-yli— Linux 
i:7^X^-±-e«if^$iifCo NOE j^;6^e.2 0<@(OAZ:<^«ji^^ST-2>^TOl 

■^^i7)v^^mKUiz^o^n7-D-^^)m*)m.vrzo iir^^jmT^. mm 
mfs-mi^mmizm ^^rzy"-^ ^rmz^r^ 





1201 


"N-edited NOESY ©tf-^ 


1782 


"C-edited NOESY (7) t!-^ 


1853 


2D-N0ESY(Z)e-iJ7 


159 
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i^-mmi^^m^x^mr noesy t.^^? h}m«r^nr3tc^^T\tiLi^mmwY 

■Tfsit)-^. ^(DmmommcD^m'^mm-r^^tiz^Ks. mm^^\z^wfs.iy 
m^zu^o 

mm<D^^. :^^u^tL^mm7^ymm^mmmmi^nmmm\z^Kimff3mB 
mz. mmsk<. y^im^m-m^fs-uzm^ii^tstm^ ^^bizim^nrcmm 
mBm(ONURx^^ h)V(Dm^ii)^^. m^(om&miimNMRim^it^i^^\z 
±wi^m&fs.mmmm^. m^mmBm\zmLxm^n^^t^mLrc. 
\zmmm ? xa. mBm^m^^ 2 0 mm±x(D7B.ymnm^m 1 x^Ltz 
i^m7^/mmiz-i^vxmmvrcRSD/ssD/sAD/PDM-7^ym 

mt^t^mmi!}mmx$>^:i<Diiim<Dmm^WL^m\f^^z.t\z^ 0 , eintc j; 0 
mm^titzm&m\^. mm^(Dmmmm<D^^^mmM.'Dmm\zm0SL-t^ c tf)^ 
^mx$>^ct^^vtc, ^fc. mi oiz^Lrz^o\z. n>\da.-^±(Dmw 
mm^^. ^^:/o h><DiLm\:^ff3mm-ti^mmx$>^^(Diiim<Dmm^WL^m 
\^^^z.t\z^r). mm^ntzmBn u) it. ±x(D:fnh>mm-f)m^nrzm 
^ (b) tm^^^^^mm<om^mi^o^^f)^-^mxib^ct^^Lxi^^^o 
h-h ^Aj. z.(Dtiim(Dmmit^<Dmmzi5i,^x^ e izm^fimmoymmtmm 
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(1) ^^m^^mmmmo) ieit-f^)iT.X7-Mt 

h^l^-y^^-SOrfCJ^^t, ^'fb-rv:/x> (18 mi. 209 mol) 
Abfc. C1-'*C] mm. ("CHj^CO^H ; ISOTEC inc. M) (4 ml. 69. 5 mmol) t 
Afflberlyst(^^SjP)R15 (Rohm Haas ^U) (0.04 g. 1 wt%) ^JJD^T^^L, 
^^\zmLX 5mmm.WLtzo Amberlyst (I^^MRIS it. itJilCcfcOI^L^. 

(2) ^^m&^mwt:fu=Emm<D tBTt-zf^jviLT.y'jvit 

:t-h^l/->^^^-50t:iCi^^L, ^{b'1'yyx> (30 ml. 321 mol) 
Abfc. CH'CjyD^g^^C'CHjB r"CO2H;IS0TEC incS) (14.32g. 103 
mmol) tfaheilystmmmmm (Rohm Haas SiSSl) (0.07 g. 0.5 wtX) *JdA 

(3) ^^l^'fe#:^i^7-7>»umcD^^ 

^^Hffl^jbT. ±12 il) X^^^^ntcmm tert-y5^;UXXx;i/ (1. 338 ml. 
10 mmol) ti^;^=^)l'Zfu\dU>'yUT (Aldrichitfii) (1.209 ml. 10 mmol) t 
5^ h ^ t K n 7 ^ > 10 m I S:H O X :7 ^ X n An. -78t: (CJ^^ Lfc, , 
2M-U^'^A>?'1' vyntf;i/7S H-xh^t Kd7^>^^ (Aldrich ttS) 

(10ml. 20 mmol) ^igTL, -78*01: mrBmj$L^> ^ e.liMb7xx;Hr 1/ 
^x;p (Aldrich %hii) (1.928 g. 10 mmol) *xh^t KP77> 15 mHc^j^^ 

-nx:x'2mmmwi^rc^^ ±a (2) -e^^$nfcynqEB^agtert->^^;ux 

(1. 477ml. 10 mmol) t KD77> 10 mllc^j^U. $?>{cMT 
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mm^mt;^^\y> (40inl) iC^A^b, ^i?7K«:f h U A a52g. 

(3.451 g. 13 mrnoi) ^m^fz^^ muizMh. 1. smmmw^fzo n^ntz 

^i$^5=-h^t:HD7^> 40 ml {c^)5?bfc^0'Cfcj^^bfco ^CtC SOXii 
S^«*7K (5 ml. 44iDiQ0l) ^«TU> ^raiciRL^fc^llBFfBlJt^l^fc, J^^SIg 

tf ^nfcy'Tjl/mv^ teTt--y=^)VJiXy-)UZ 20 mi 110'C-C2^ 

mimtrzmM&imiyX^^m^i^mmy^jvm^me i%(Q.mg, 6. 14 

mmol) H^tzo 

Mi&m9 : 7x'Jl/^(DD-S5^vX5^;i/XX^;i"\0« 
^0!18T'#^n;t^^l^fi#:^Ml7-7;HI (0. 119g. 1. 027 mmol) ^XiS^y 
OriCJ^L;^^, i&'ft5^:tx;P2. 5^»?£MTbfc. ^MlCML 

Lfzm. y'^)vmi^:r.^)V:r.7.7')U^mfzo 
tert-yiS'y-Jl':7K=l : KDmi^ (10 ml) lcAD-Bix-/3 (Aldrich ttlS) 
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(1.45g) ^mtf^LfZo $^{3, /^>X;P7j^75K (Aldrich^fclS) (0. 101 g. 
1.061 mmol) ^ijoAT ortcj^^U. ^^fC7T;vmv?x5";i/XXx;i'^-g(c 

(1.5g) ^JbPX., ^iaicMUTll^rBim^Lfc^, :^'fb^5"U>T}ftajL, ^e, 
>?X5^;|/X7>x>ll' (0.151 g, 0.732 mmol, 71%. >99!«;ee) ^#fc, 

mi 



[1, 2r''Cjl Acetic acid tert-bntyl ester 
'H("C]NMR (CDClj) 6 1.44 (9H, s), 1.96 (3H, s) 

[1, 2-^^C2] Bromo acetic acid tert-bntyl ester 
'Hf"ciNMR (CDCl3)« 1.47 (9H, s), 3.74 (3H, s) 

U, 2, 3, 4-"C3l 2-PheuyIseleneayI succinic acid di tert-bntyl ester 
'H["C]NMR (CDCl3)« 1.38 (9H. s). 1-42 (3H. s). 2.63 (IH. dd. 
J-5.4 Hz. 16.7 Hz). 2.83 (IH. dd. J- 10.0 Hz. 17.0Hz). 3.84 (IH. dd. 
J=5.6 Hz, 9.9 Hz), 7.16-7.34 (3H. in). 7.56-7.64 (2H. m) 
NMR {CDC13) 6 29. 38. 135, 171 

Cl,i 2,- 3, 4- ^C}] Fumaric acid di tert-butyl ester 
*H("C1NMR (CDCb) 6 1.48 (I8H. s), 6.66 (2H. s) 

[1, 2, 3, 4-»'Ci] Fumaric acid di etiiyl ester 

'H["C)NMR (CDCl3)d 1.32 (6H, t, J=7.2 Hz). 4.26 (4H, q. J=7.2 

Hz, 14.1 Hz). 6.84 (2H. $) 

"C NMR (CDCI3)d 134. 165 " 

[1, 2, 3, 4-"C2] Tartaric acid di ethyl ester 

'H["C1NMR (CDCl3)ff 1.30 (6H. t. 1=7.2 Hz), 3.25 (2H, b). 4.29 
(4H, q, J«7.3 Hz. 14.3 Hz), 4.51 (2H, s) 
"C NMR (CDC13) 6 72, 172 
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tctcL. ai^tt, IHNMRttValian INOYA 300 Srffll^^Tf '*Cx*«y 

)v (iH PC] NMR) Lxm\ wmm(Dh(DtitmLxm^^%rzo 

(2) m^m&.(om± m^mmomm) 

(3) NMR 7.^^ h)vim<Dmm\^±. mmmmcomm ' Bmim-f}^m, 

(5) -Pii»*TO»^ini± i±x(Di^^±)i<D±ii^^mmmmTf}^^mmzfs.^ 
^xxmmmx$>-Drc^mimimiz^Mm^i^mm-^nrzy'7)mi:mmit: 
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(c) zfu^'7)v>^^)vmz:io^^x^^jm(07i<.mitu^&7^mi\:-^nx\^^^ 
id) ^9-)vmt—o<D7i(.m^mi^xmitm7i^mit-^n. ^mm^m\m^m 

<D{p-u<thv^-rn7!}^^mLx\f^^^t^mwLt-r^^^m^i^^n7^jmo 
3. Mmi)^±x ''mzm^^nx\^^^:it^fi^WLtr^m^m2(D^^m&i^u 

(b) :/n4^^;i.;a:g em-^5^;i'3ij5^fiE-r-5J^^CH. -:^<0^^)m(D±X 

(D7i^mf)^^±\zmAmi\:-^riM-:i5(D^^)iM<D7i^mti^^^M7Kmit^nxi^^. 

(e) ^S]^md«#aEf -SJl^lctt. K^^^TK^ttSS^^STkm^kSnxViXt) 

6 0 
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(f) ±E (a), (b) (d) \z^\^^xmjmit^ntcmz^\>^x. imwFf-^ 

(g) «7&^^T'*Njcem^nTii^ 

5. (e) ^mmA^mf}'^^&^^'^\z\t. m^mw\^mii^mmimit^^x\i^ 

6. (f) ±E (a), (b) (d) \z^^^xm7i^mi^^ntzmz^\^x. 7]^mu^ 
^m'D^^uym^^u^^)v^(DEm(D±xti^ "ctcM^^nxvis. mim 

oT, mmmm^n'^mz^rim.^^tsz.h^^WLtt^'i^^nmmikT^ j 
9 . mmm.^%^mm^^^^x<o7%j'^t. \^xm^^uzm.<o'k'^nmmm. 
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^/mxmm^nxu^smmi 4Bm(D^mmBm<DNMRmmm^:^^o 

1 7 . mmmBn^m^-r^±x(07 s. /mam^m i ^m(D^^m&im^7 
^ ymxmm-^nxt^^m^m 1 4mm(DmmmBm<DNURmmmm:&mo 

1 8 . ^i^m^^mmmmt^^m&:wmm-/n^mm^ti yzf^) y^-t^ z t 

2 2. II^Jli 8 09;&&-cg[ii$nfc^^|5lW^ii7T;n?<&^^vt Ko+ 
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Neutral Amino Acids 

H-CChH 
Ser HCX^.^^ 

H D 

H *C02H 

H D 
H P y n 



Acidic - Basic Amino Acids 



Asp "02Cv^j^^ 



Asn 



Glu 



Gin 



. 9. ^.;co2H 




q H H^cOjH 



15 H 
Q H H rp02H 



0 D H 



Arg H.N^N^^.„^ 
•NH rf H tJ H 
D H q H ^i ^COsH 

Lys 



Aromatic Amino Acids 




Aliphatic Amino Acids 

d H 



Met HDjK 



D H 



D HO H 



HD2<r^NHi 
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( a ) SAD-Gly (13b)^Ji^»a^fc'EPPIbS6» 



gs 



129^ 



145^ 



14:^ 



0 

,54^ 



117^ 52^ 



40 



E 



• 45 



SO 



5ja 



4J) 



3.0 



( b) SAD-Gly (13a)^i§^Ji^/£EPPIb§eK 



5?' 



4^0 



- 45 



E 
U 



50 



5J0 



4.0 



3.0 





40 



45 



cu 
U 



5.0 



4.0 



"H(ppm) 



3.0 



J- 50 



2/13 



wo 03/053910 



PCT/JP02/13303 




L. O.O 




3 a I 

'H(ppm) 



(a) sAD-'j v:/ (18) ^^a^^ii^fc•EPPlb§es 

(b) [ui-'=k;2:'sn] 'Jvl'^«if>■a^f£EPplbilaa 
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'H(ppm) 



(a) SAD-^";u^f 5 >(18) im^2i/ufzB>?\bM^S 

(b) [ui-'3C2:'5N] ^-^u^ 5 :/^^fl^a^fc•EPPlb§ 
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(a) 






373 
38.0 
38^ 
:39.0 
39.5 
40.0 
AO^ 
41 .0 
-7.41.5 



E 



JSP 

42.0 12 
tAZJS 

- 43.0 
:43.S 

44.0 

- 44.5 
45.0 



(b) 




:37.5 
38.0 
38.5 
39.0 
:393 
40.0 
40.5 
41.0 
41.5 
:42.0 
1-42.5 
j-43.0 
-43.5 
44.0 
-44.5 



E 

o 



4S.0 



1^ 



0.5 



'H{ppm) 



(a) SAD/PDM-D ■< vl^ (33) if ^§^2.^t£EPPIbMea 

(b) [ul-"c:'*N]-P'f :»sJai^iiA/fc'EPPIbgda 
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2J2 



'H (ppm) 

M SAD/PDM-P -< V > (33) ^|§^^a^fc•EPPIbgda 
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m 7 



'H-"Cr^l|K. 



(a) 








146^ 


0 




. 25 










49P 






0857(a) 












. 30 


P f 








130P / 








85p(a) 


85Y(b) 




. 35 



6 



(b) 




3.0 Z5 2.0 U 1.0 0.5 

'H 0>pni) 

(a) SAD/PpH-/5^:i--:^(41) ^^a<i^ii^fc•EPPIb§da 

(b) [ul-"c:'^N]-^ 7^;^•->^^§^^ii^f£EPPIb§afr 
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lu 13, 
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146p 


0 






85p(b) \ 


.® 130y 
















f» f 






130P / 






85p(a) 


857(b) 





2.0 IS 
^H(ppm) 



(a) SAD/PDfth/^;^-->(41)^ffl^a^f£EPPibga5 



25 



30 



E 
ex 
ex. 

o 



. 35 
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m 9 
I 




'H(ppm) 



(b) ti£3lESlC<J:ST£/e§i?WS§5 

(c) pro-S:/a h>A<**^^b^^tfct^^-^>SS 
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1 0 




(a) .. (b) 




(b) t<X(D:fa]-:>mm^. 

TALOSI c i -S ^M-Si*:^^ fSaa l/NH-d i po I ei^ ^#fc^git 

(c) SMiA^m^ttltz^O^^Zfa hXDNOEtt^, 
TAL0S|c.fc^±||^®tt:^l©^ta3i^;NH-dipoleA^b^#fcmii 

(d) CH3. ring. & HN©i«KDN0E(O«, ring, S HN) 

TALOSIC J: 4±a-iStt:«©fiiaai;NH-dipolei^ S^fcrnig 
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